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Abstract
BACKGROUND: To obtain bioactive fractions from plant material subcritical water is notably advantageous in comparison to
any other technique. Excellent solvating properties and selectivity combined with finely tuned reactivity of subcritical water
enable exploitation of the potential of plants. Herein subcritical water extractionwas used for recovery of bioactive compounds
from leaves, roots and fruits of Sambucus ebulus L. Extracts obtained were characterized in terms of biological and chemical
fingerprints.
RESULTS ANDDISCUSSION: Results obtained by using several antioxidant assays that focused on differentmechanisms showed
that subcritical water extracts of Sambucus ebulus were powerful antioxidants. Enzyme inhibitory effects were tested against
𝜶-amylase,𝜶-glucosidase and tyrosinase, and the results showed theanti-diabetic potential of the extracts aswell as its possible
use with skin disorders. Antiproliferative properties were detected on three cell lines (A-549; LS-174 T; HeLa) and showed
prominent cytotoxicity against all tumor cell lines. Inhibitory concentrations obtained were in the range 0.58–8.10𝝁g mL-1.
Generally, the SCW extracts from leaves exhibited stronger biological activities with higher levels of phenolic compounds
comparedwith the rootsand fruitsofSambucusebulus.Gallic acid, catechinandcaffeicacidwere identifiedasmajor components
in these extracts and these components seem to relate with observed biological activity.
CONCLUSION: The results obtained suggest that Sambucus ebulus has great potential for preparing newphyto-pharmaceuticals
and functional food ingredients.
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INTRODUCTION
The plant kingdom has served as one of the oldest sources of
useful drugs, and contemporary science has expressed a grow-
ing interest in plants as a vehicle to discover and manufacture
drugs. Indeed, the contribution of plants to disease treatment
and prevention is still enormous despite the current preoccupa-
tion with synthetic chemistry. In addition, natural products and
compounds are suitable for the subsequent design of structurally
relatedmolecules that aremore active or less toxic.1 Among differ-
ent plants special attention has been given to plants, well-known
in folk medicine. One of those plants, whose application was
reported in ‘Natural History’ of Pliny the Elder (23–79 CE), is Sam-
bucus ebulus L. (Adoxacea), or dwarf elder. This perennial herba-
ceous plant is a popular medical herb with a prominent place
in the folk medicine of the people from the Balkan Peninsula,
Western Europe, and Middle East. Different parts of this plant
were traditionally administered in human medicine to treat bites,
burns, infectious wounds, edema, eczema, urticaria, arthritis and
sore-throat.2–7 Raw fruits have also been used for wound healing.8
In a study on variousmedicinal plants fromBulgaria, this plant was
found to be the second richest plant in polyphenols and antiox-
idant activity.9 On the other hand, berries of this plant contain
lectins whichmay be anti-nutrients and toxic.10,11 However, no sci-
entifically sound data are available on elder toxicity.12
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Due to this richness in biological active compounds, it is essential
to prepare extracts with high concentration of such compounds
and with low amounts of interfering substances. For this purposes
different extraction approaches could be applied. According to
the literature data, extraction of Sambucus ebulus was performed
by macerations using hexane, methanol, ethyl acetate, acetone
or petroleum ether.13–15 However, these solvents are toxic and
for that reason not applicable for oral use. This is in collision with
the desire to make completely natural and safe products. For
this reason, development of new technologies that comply with
strict environmental requirements are the focus of numerous
scientific studies. Subcritical water (SCW) extraction represents
an innovative ‘green’ technology of exceptional potential. This
environmentally-benign technology is particularly popular for
extraction and isolation of biologically active compounds from
plants.
Basically, SCW is hot water at temperatures above boiling and
below its critical point while maintaining high pressures in order
to keep the water in the liquid state.16 These conditions change
some physicochemical properties of water, influencing its solvat-
ing properties. Namely, heating decreases the viscosity, density
and surface tension of water contributing to extraction efficiency.
Furthermore, the increase in temperature improves mass trans-
fer as a result of lower water surface tension that allows better
penetration into the sample matrix. In addition, the mass transfer
kinetics is favored by the disruption of intermolecular forces (i.e.
van der Waals forces, hydrogen bonds and dipole attractions)
in the sample matrix. However, the most important effects of
the increase in liquid water temperature are the weakening of
hydrogen bonds, resulting in a lower dielectric constant.17–20
More precisely, by heating, the dielectric constant of water can
be drastically changed, e.g. increasing the temperature from
25 ∘C to 300 ∘C reduces its values from 80 to almost 20. Thus,
decreased polarity produces a solvent with good solvating prop-
erties for moderately polar compounds. For these reasons water
can be used as a low-cost solvent for the extraction of moderately
polar and even non-polar analytes, under specific experimental
conditions.21 On the other hand, due to the high extraction tem-
perature, degradation of thermolabile analytes could occur. There
are several publications about degradation of phenolic com-
pounds in subcritical water.22–24 Thus, the effects of temperature
on stability of the analytes should be taken into consideration in
method development.16
The purpose of this study was to investigate the chemical com-
position and biological activity of Sambucus ebulus extracts and to
explore the possibility of isolating biologically active compounds
from Sambucus ebulus by an absolutely ‘green’ extractionmethod.
Taking into account that heat treatment can lead to denaturation
of ebulin, toxic lectin naturally present in this plant, SCW extrac-
tion offers possibilities to eliminate the toxicity of this lectin along
with maintaining high biological activity of the extracts. Thus,
this study demonstrates the feasibility of technologies based on
SCW to obtain plant-derived products to increase their function-
ality and value. Sambucus ebulus extracts could be considered as a
potential candidate for designingnew functional food ingredients.
Moreover, there are no data in the literature on the anti-cancer
activity of this plant, and also the possibility to use this plant for
inhibition of particular enzymes is unknown. Thus this study repre-
sents the first attempt to explore such activity of Sambucus ebulus
extracts and to explore the polyphenolic content of different plant
parts.
MATERIALS ANDMETHODS
Chemicals and reagents
Folin–Ciocalteu reagent, 1,1-diphenyl-2-picryl-hydrazyl-hydrate
(DPPH), 𝛼-amylase solution (ex-porcine pancreas, EC 3.2.1.1),
𝛼-glucosidase solution (from Saccharomyces cerevisiae, EC
3.2.1.20), L-glutathione, tyrosinase, L-Dopa, kojic acid, acarbose
and polyphenolic standards were purchased from Sigma-Aldrich
(St. Louis, Missouri, USA). Aluminium chloride hexahydrate,
sodium carbonate, PNPG (4-N-trophenyl-𝛼-D-glucopyranoside),
and sodium acetate trihydrate were purchased fromMerck (Darm-
stadt, Germany). Acetonitrile and acetic acid (both of MS grade),
methanol (HPLC grade) were purchased from Merck (Darmstadt,
Germany). Ultrapure water (Thermofisher Scientific, Bremen, Ger-
many) was used to prepare standard solutions and blanks. Syringe
filters (13mm, PTFE membrane 0.45𝜇m) were purchased from
Supelco (Bellefonte, PA, USA). All other chemicals and reagents
were of analytical reagent grade.
Plant material
Dwarf elder (Sambucus ebulus L.) was collected in the southeast
region of Serbia in August 2015. Fruits, leaves and roots of this
plant were stacked in a crate with perforated bottom, in order to
ensure air flow.Dryingwasperformednaturally ondraft in thedark
until a moisture content of 10%. Dry plant materials were packed
in glass jars and stored in the dark until use.
Sample preparation
Subcritical water (SCW) extraction was performed in a homemade
subcritical water extractor/reactor which is described elsewhere.25
Total capacity of the high-pressure stainless steel extraction cell
was 1.7 L. Pressurization of the vesselwas performedwith 99.999%
nitrogen (Messer, Germany). Nitrogenwas used in order to prevent
oxidation at high temperatures. The operating pressure (40 bar)
in the vessel was monitored by in-built manometer. The process
temperature (140 ∘C) was measured by a thermocouple Pt100
and regulated by a temperature controller (Nigos, Serbia, model
1011P). A vibrating platform was used in order to improve mass
transfer and prevent local overheating in contact with a heater.
Agitation was assured by vibrational movements of the vessel
platform at a frequency of 3Hz. Extraction duration was 30min.
After extraction, the process vessel was immediately cooled in a
flow-through water-bath at 20 ∘C. Depressurization was done by
valve opening and purging nitrogen through a valve. Obtained
extracts were filtrated and stored in the refrigerator until analysis.
Determination of total phenolic and total flavonoid contents
The total phenolics content (TPC) in the draft elder extracts was
determined by Folin–Ciocalteu procedure26,27 using chlorogenic
acid as a standard. Absorbance was measured at 750 nm. The con-
tent of phenolic compounds was expressed in mg of chlorogenic
acid equivalent (CAE) per g of plant material (mg CAE g-1). All
experiments were performed in triplicate.
The total flavonoids content (TFC) was determined using alu-
minumchloride colorimetric assay.28 Resultswere expressed inmg
of rutin equivalent (RE) per g of dry plant material (mg RE g-1). All
experiments were performed in triplicate.
HPLC analysis
The phenolics composition of extracts was analyzed using the
HPLC method described by Rubilar et al.29 with slight modifica-
tions. TheHPLC system (ShimadzuCorporation, Kyoto, Japan) used
was equipped with a LC-20 AD prominence pump, a DGU-20AS
prominence degasser, a CTO-10AS VP column oven, a SIL-20A
HT prominence autosampler, and a SPD-M20A photodiode array
detector. Separation of polyphenols was achieved on a Phe-
nomenex Gemini C18 column (250mm × 4.6mm, 5𝜇m) and a
guard columnwith the same characteristics that was kept at 25 ∘C.
The chromatographic conditions were the following: flow rate
1.0mL min-1, sample injection volume of 20𝜇L and mobile phase
A (methanol) and mobile phase B (water) both with 0.1% formic
acid. A gradient programwas used as follows: 85% B in 0min, from
85% to 70% B in 20min, from 70% to 55% B in 20min, from 55% to
50% B in 5min, from 50% to 45% B in 5min, from 45% to 30% B in
15min, from 30% to 0% B in 10min, followed by 100% A for 5min
and back to 85% B in 10min and 10min of reconditioning before
the next injection. The photodiode array detectionwas conducted
by scanning between 190 and 600 nm, and the quantification was
conducted at 280 nm for monomeric flavan-3-ols ((+)- catechin
and (-)- epicatechin), for hydroxybenzoic acids (gallic, vanillic, pro-
tocatechuic, syringic and 𝛽-resorcylic), naringin, naringenin and
cinnamic acid, at 320 nm for the derivatives of cinnamic acid (caf-
feic, chlorogenic, p-coumaric, ferulic and sinapic), and at 360 nm
for rutin, quercetin and kaempferol. Lab Solutions software (Shi-
madzu Corporation, Kyoto, Japan) was used for control and data
processing. Analytes in each extract were identified by comparing
their retention times and UV–VIS spectra with those of standard
compounds. Peak purity was checked to exclude any contribution
from interfering peaks. The concentrations of individual phenolic
compounds in extracts were determined using external standard
calibration curves in the concentration range 1 to 50𝜇g L-1 using a
mixture of 18 standards. The analytical parameters of the calibra-
tion curves were calculated with the Excel program.
DPPH radical scavenging assay
The antioxidant activity of extracts was tested using the stable
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical.30 The extracts were
mixed with methanol (96%) and 90𝜇mol L-1 DPPH to give final
concentrations of 0.01; 0.02; 0.05; 0.1 and 0.2mgmL-1. After 60min
at room temperature, the purple color of the test mixtures turned
yellow, due to pairing of the odd electron of the DPPH radical
with hydrogen to form the reduced DPPH-H. The resulting decol-
oration, which is stoichiometric, is proportional to the number of
captured electrons. The odd electron in the DPPH radical shows
maximum absorption at 515 nm. After measuring the absorbance
at that wavelength, the radical scavenging capacity (%RSC) was
calculated using the following equation:
%RSC = 100 −
(
Asample × 100
)
∕Ablank
where: A sample is the absorbance of the sample solution and A blank
is the absorbance of the blank.
This activity was also expressed as inhibitory concentration at
50% (IC50), which is the concentration of the test solution to
achieve 50% of the radical scavenging capacity.
Reducing power test
The reducing power of the extracts was determined according
to the method previously described by Oyaizu.31 The assay is
basedon the reduction of Fe+3 by antioxidant compounds. Various
concentrations of the extracts (0.1; 0.2; 0.3; 0.4; 0.5, 0.6; 0.7; 0.8; 0.9
and 1mg mL-1) were mixed with phosphate buffer (1mL, 0.2mol
L-1, pH 6.6) and 1mL of 1% potassium ferricyanide. The mixture
was incubated for 20min at 50∘C. After incubation, 1mL of 10%
trichloroacetic acid solutionwas added to themixture. Themixture
was further centrifuged at 3000min-1 for 10min. The obtained
supernatant (2mL) was mixed with double distilled water (2mL)
and 0.1% FeCl3 solution (0.4mL). Absorbance was measured at
700 nm. The blank was prepared by using water instead of an
extract. Reducing power ability of the extracts was expressed
as EC50 values (mg mL
-1), which represents the concentration of
extract that gives half-maximum response.
Cytotoxic activity
Cell lines
For determination of the cytotoxic activity, several cancer cell lines
were used: human cervical adenocarcinoma (HeLa), human lung
adenocarcinoma (A549), and human colorectal adenocarcinoma
(LS 174 T). All cell lines were obtained from American Type Cul-
ture Collection (Manassas, VA, USA). The cells were maintained
in complete nutrient medium RPMI-1640 at 37 ∘C in humidified
atmosphere with 5% CO2.
32 All reagents were purchased from
Sigma-Aldrich (St. Louis, USA).
Treatment of cancer cell lines
HeLa, A549, LS 174 T were seeded into 96-well microtitre plates
(the seeding densities for each cell line were 3000, 5000, 7000 cells
perwell, respectively). 24 h later fivedifferent concentrationsof the
tested extracts were added to the wells. Control cells were grown
in culture medium only.
Determination of cells survival
After 72 h incubation, the cells survival was determined by MTT
test, as described elsewhere.32–34 Briefly, 10𝜇L of MTT solution
(5mg mL-1 in phosphate buffered saline) was added to each
well. After 4 h with MTT, 100mL of 10% sodium dodecyl sulfate
(SDS) was added to the wells, and the absorbance was measured
at 570 nm the next day. The percentage of cell survivals was
calculated according to theproceduredescribed in the literature.32
The IC50 was defined as the concentration of the agent that
inhibited cell survival by 50%, compared with the vehicle-treated
control. Experiments were performed in triplicate and the data are
presented as mean value ± standard deviation (SD). MTT and SDS
were products of Sigma-Aldrich (St. Louis, MO, USA).
Enzyme inhibitory activity
The enzyme inhibitory activity of Sambucus ebulus extracts was
evaluated by measuring 𝛼-amylase, 𝛼-glucosidase as well as
tyrosinase inhibitory activity. 𝛼-Amylase inhibitory activity was
performed using Caraway-Somogyi iodine/potassium iodide
(IKI) method.35 Sample solution (2mgmL-1; 25𝜇L) was mixed with
𝛼-amylase solution (ex-porcine pancreas, EC 3.2.1.1, Sigma) (50𝜇L)
in phosphate buffer (pH 6.9 with 6mmol L-1 sodium chloride) in
a 96-well microplate and incubated for 10min at 37 ∘C. After
pre-incubation, the reaction was initiated with the addition of
starch solution (50𝜇L, 0.05%). Similarly, a blank was prepared by
adding sample solution to all reaction reagents without enzyme
(𝛼-amylase) solution. The reaction mixture was incubated for
10min at 37 ∘C. The reaction was then stopped with the addi-
tion of HCl (25𝜇L, 1mol L-1). This was followed by the addition
of iodine-potassium iodide solution (100𝜇L). The sample and
blank absorbances were read at 630 nm. The absorbance of the
blank was subtracted from that of the sample and the 𝛼-amylase
inhibitory activity was expressed as acarbose equivalent (ACE) per
g of dry extract (mmol ACE g-1).
𝛼-Glucosidase inhibitory activity was performed by the previous
method.35 Sample solution (2mgmL-1; 50𝜇L) wasmixed with glu-
tathione (50𝜇L), 𝛼-glucosidase solution (from Saccharomyces cere-
visiae, EC 3.2.1.20, Sigma) (50𝜇L) in phosphate buffer (pH 6.8) and
PNPG (4-N-trophenyl-𝛼-D-glucopyranoside) (50𝜇L) in a 96-well
microplate and incubated for 15min at 37 ∘C. Similarly, a blank
was prepared by adding sample solution to all reaction reagents
without enzyme (𝛼-glucosidase) solution. The reaction was then
stopped with the addition of sodium carbonate (50𝜇L, 0.2mol
L-1). Absorbance of samples and blank was read at 400 nm. The
absorbance of the blank was subtracted from that of the sample
and the 𝛼-glucosidase inhibitory activity was expressed as acar-
bose equivalent (ACE) per g of dry extract (mmol ACE g-1).
Tyrosinase inhibitory activity was measured using the modi-
fied dopachrome method with L-DOPA as substrate, as previously
reported 36 with slight modifications. Sample solution (2mg mL-1;
25𝜇L) was mixed with tyrosinase solution (40𝜇L) and phosphate
buffer (100𝜇L, pH 6.8) in a 96-well microplate and incubated for
15min at 25 ∘C. The reactionwas then initiatedwith the additionof
L-DOPA (40𝜇L). Similarly, a blank was prepared by adding sample
solution to all reaction reagents without enzyme (tyrosinase) solu-
tion. The sample and blank absorbances were read at 492 nm after
10min of incubation at 25 ∘C. The absorbance of the blank was
subtracted from that of the sample and the tyrosinase inhibitory
activity was expressed as kojic acid equivalent (KAE) per g of dry
extract (mg KAE g-1).
Statistical analysis
Statistical analysis was carried out using a trial version of OriginPro
2015 (OriginLab, Northampton, Massachusetts, USA). For correla-
tion, 2-tailed test of significance was used. All experiments were
performed in triplicate, while results are expressed as mean value
± standarddeviation. Levels of significancewere as follows:P< 0.1;
P< 0.05 and P< 0.01.
RESULTS ANDDISSCUSSION
Polyphenolics composition
Phenolic substances are assumed to be responsible for the antioxi-
dant activity of plant materials,37 but also they are connected with
the prevention of cardiovascular diseases, cancers, osteoporosis,
neurodegenerative diseases, diabetes mellitus,38–40 etc. Figure 1
summarizes the results for contentsof total phenols andflavonoids
in Sambucus ebulus L. extracts. Phenolic compounds were present
in all examined extracts but in different concentrations, depend-
ing on plant part. Such distribution of these compounds could be
affected by different factors, such as soil composition, the amount
of available light, temperature, humidity, or weather conditions.41
Furthermore, different strength of bonds between polyphenols
and tissues could cause the differences in availability of these com-
pounds from different tissues. The chemical environment in differ-
ent plant parts has also a strong influence on polyphenolic profile.
In that case, selection of suitable extraction methods and condi-
tions is of crucial importance for successful extraction of polyphe-
nols. The results obtained showed that SCW obtained from all
three plant parts contain a high amount of these compounds. The
content of total phenols was in the range from 37.26mg CAE g-1
in root extract to 116.30mg CAE g-1 in leaf extract. In the case
of total flavonoids the highest amount was detected in extracts
prepared from dried leaves (71.33mg CAE g-1) which was much
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Figure 1. Total phenols and flavonoids content in root, leaf and fruit
extracts of Sambucus ebulus L. subcritical water extracts.
higher content than in the fruit (27.4mgCAEg-1) and root (17.7mg
CAE g-1). Taking into account that leaves are the parts of plants
that perform three important functions (photosynthesis, transpi-
ration and gas exchange) higher abundance in total phenols and
flavonoids in the leaves extracts than in root or fruit extracts could
be expected. Likewise, it should take into account that in various
plants, polyphenols are synthesized in different plant parts and
then translocated, to be accumulated in other places. For example,
some plants produce polyphenols in roots to be stored in flowers
or some other parts.42 However, it is evident that all three exam-
ined extracts are rich in polyphenols.
In the study conducted by Topuzovic et al.15 it was reported that
concentration of phenols in Sambucus ebulus extracts obtained
by using solvents of high polarity is low, while less polar solvents
produced extracts rich with polyphenols. In that sense, SCW offers
possibilities for fine tuning its polarity by varying operational
parameters during extraction. Moreover, in the case of bioactive
molecules, carefully balanced moderate hydrolytical potential of
superheated water may be successfully exploited.
For deeper analysis of polyphenolic composition HPLC analysis
was performed, and results obtained are presented in Table 1.
Phenolic compounds were identified by matching their retention
times and ultraviolet spectra with those of standards. The content
of polyphenols was calculated by using concentrations obtained
from calibration curves of each polyphenolic compound standard
and expressed as milligrams per liter of liquid extract (mg L-1).
The total phenolics content was higher than the sum of indi-
vidual phenolics identified using HPLC. This difference can be
explained by the fact that the Folin–Ciocalteumethod is not selec-
tive and not an absolutemeasure of the amount of phenolics com-
pounds. Different substances (organic acids, sugars, amino acids,
proteins and other hydrophilic compounds) are reported to inter-
fere with this assay.43 However, HPLC analysis showed that leaves
extracts contain the most polyhenolic substances, which matches
with the results obtained by the above mentioned spectrophoto-
metric method.
As can be seen in Table 1 the largest number of detected com-
pounds are phenolic acids, the most dominant being gallic acid
with concentration in the range 141.35mg L-1 to 868.98mg L-1, a
much higher content than all other detected components. Nine
of ten different phenolic acids were detected, with the absence
of only vanillic acid. According to our preliminary investigation,
for vanillic acid isolation the use of modifier is required. For
example, extraction of this acid is more efficient with 0.05mol L-1
hydrochloric acid as modifier.44 Apart from that, the presence of
Table 1. Detected phenolic compounds and its content (mg L-1) in
observed Sambucus ebulus L. subcritical water extracts
Compound Root Leaf Fruit
Gallic acid 208.84 141.35 868.98
Protocatechuic acid 12.23 19.56 39.16
Catechin 55.98 16.20 nd
Chlorogenic acid 5.96 274.69 36.82
Vanillic acid nd* nd nd
Caffeic acid 4.28 128.88 17.21
Epicatechin <LOQ** (1.49) <LOQ (1.46) <LOQ (0.94)
Syringic acid nd <LOQ (3.60) nd
p-Coumaric acid <LOQ (2.21) 4.66 <LOQ (1.29)
Ferulic acid <LOQ (2.36) <LOQ (1.79) 3.38
Sinapic acid <LOD*** (1.47) <LOD (0.84) <LOD (0.49)
Naringin 1.82 5.31 1.97
Rutin nd 24.37 6.53
Cinnamic acid nd 2.44 nd
Naringenin nd nd nd
Quercetin nd <LOQ (2.33) <LOD (1.24)
*nd - not detected; **LOQ - limit of quantification; ***LOD - limit of
detection.
other polyphenolic structures was noted in the extract. However,
some other compounds, like naringenin, were not detected. Tak-
ing into account that this flavonoid has a structure of aglycones it
is assumed that much higher temperature could be more appro-
priate for its extraction. According to the reported data naringenin
could be extracted at high temperatures, close to 170 ∘C.16 The
same situation is observed in the case of quercetin. This flavonol
with OH group in a side chain is efficiently extracted at 170 ∘C
as well.16 In our study, a much lower temperature was used for
the extraction process. Although the absence of naringenin was
recorded, its glucoside (naringin)was identified in all three extracts
examined (1.82–5.31mg L-1). This correlates with the fact that
aglycone forms of flavonoids are stable at high extraction temper-
atures in subcritical water. This implies that much higher temper-
atures are required for its extraction, but bound forms can be well
extracted at lower temperatures, such as in this case.
Antioxidant activity
Antioxidant activity of Sambucus ebulus roots, leaves and fruits
subcritical extracts was evaluated by using two different antioxi-
dant assays: reducing power and DPPH tests. The results obtained,
expressed as IC50 values, are presented in Fig. 2. The results repre-
sent mean values of triplicates ±SD.
In the reducing power assay, all examined extracts showed high
ability to reduce Fe+3 to Fe+2. Nevertheless, the most potent
extracts were found to be those obtained from Sambucus ebulus
leaves (0.15mg mL-1) in comparison with others obtained from
fruits (0.24mg mL-1) and roots (0.31mg mL-1) (Fig. 2). Such results
were in concordance with previously determined total phenols
and flavonoids content and antioxidant ability related or at least
partly explicable by the high content of this group of secondary
metabolites in the samples.
In a DPPH test (Fig. 2), the IC50 values for Sambucus ebulus
extracts varied from 0.056 to 0.081mg mL-1, which indicates that
all investigated extracts showed good scavenging activity for
DPPH radicals. The highest scavenging capacity was expressed by
leaves extract. The concentration of 0.056mg mL-1 was sufficient
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Figure 2. Antioxidant activity of Sambucus ebulus L. extracts.
Table 2. Cytotoxic activity of Sambucus ebulus L. roots, leaves and
fruits subcritical water extract
IC50 values*(𝜇g mL
-1)
Sample HeLa A549 LS174T
Root 2.86 ± 0.11 4.42 ± 1.77 8.10 ± 2.09
Leaf 0.58 ± 0.18 0.76 ± 0.11 1.89 ± 0.49
Fruit 1.03 ± 0.00 2.85 ± 1.00 1.89 ± 0.20
*IC50 is defined as the extract concentration that results in 50% cell
growth inhibition.
to reduce radical concentration to 50%. The result revealed very
goodantiradical activity. However, in these tests, extracts prepared
from roots exhibited the lowest free radical scavenging capacity
(0.081mg mL-1). Nevertheless, the results obtained still represent
very high scavenging properties.
The two antioxidant methods applied, which involve different
mechanisms, clearly showed quite high antioxidant potential of
this plant. Although different studies have reported the antiox-
idant activity of this plant, there is no data concerning its SCW
extracts. In comparison with a study conducted by Mozaffari
et al.45 ethanolic extracts of Sambucus ebulus obtained by Soxh-
let, was able to neutralize 49.16% of DPPH radicals at a con-
centration of 400mg mL-1. Ebrahimzadeh et al.46 reported that
aqueous extract exhibits higher DPPH radical-scavenging activity
(IC50 = 202.50mg mL-1) than methanol extract (IC50 = 723.62mg
mL-1). When reduction power ability is concerned, there are some
published data which suggest a weak Fe3+ reducing ability at
25–800mgmL-1.46
Cytotoxic activity
In this study the cytotoxic activity of Sambucus ebulus extracts was
evaluated in a panel of three different cell lines. Antiproliferative
activitywas exploredwith the extracts concentrations in the range
0.05 to 4.17𝜇g mL-1 in the case of leaves and fruit extracts, and in
the range 0.05 to 16.67𝜇g mL-1 in the case of roots extract. Treat-
ment of three cell lines with Sambucus ebulus extracts resulted
in a considerable dose-dependent cytotoxicity, where HeLa cells
were the most sensitive to all examined extracts. Examined cyto-
toxic activities of observed extracts were investigated as IC50 val-
ues (Table 2).
Thegreatest potential to affect cell survivalwas shownbyextract
obtained from leaves. Leaves extract exerted survival inhibition of
HeLa, A549 and LS 174 T cell lines by 50% at lower concentrations
than root or fruit extracts. This suggests that this extract is more
cytotoxic towards test cancer cells.On theotherhand, root extracts
had the lowest cytotoxic potential.
The protocol of the American National Cancer Institute recom-
mends that IC50 < 30𝜇g mL
-1 47 should be considered significant
for extracts of plant origin, and our results demonstrated that
tested SCW extracts from Sambucus ebulus have significant cyto-
toxic activity against all three cancer cell lines.
The results obtained, in terms of cytotoxic activity of Sambu-
cus ebulus extracts, were in accordance with total phenols and
flavonoids contents. However, it is assumed that the additive and
synergistic effects of phytochemicals in plant are responsible for
their potent anticancer activity and that the benefits of this diet
are attributed to the complex mixture of phytochemicals present
in whole foods.48 Due to excellent solvating properties, subcritical
water is a medium able to extract compounds of different polar-
ities. Thus, the composition of SCW extracts is complex contain-
ing a great number of compounds belonging to different chemical
classes and of different polarities. Diversity of the composition of
Sambucus ebulus SCWextracts supports the fact that this extract is
a rich source of potent phytochemicalswith great potential in food
and pharmaceutical industries.
Inhibitory activity on 𝜶-amylase, 𝜶-glucosidase
and tyrosinase
Diabetes mellitus (DM) is one of the most common types of
metabolic syndrome and the prevalence of it is increasing day
by day. According to several reports, DM affected about 300 mil-
lion people in 2010. It is estimated that there will be about 439
million DM patients in the world by 2030.49 At this point, new
strategies are of obvious importance for managing DM. The key
enzyme inhibition theory could be considered as one of the most
effective approaches. According to this theory, the inhibition of
carbohydrate digestive enzymes (𝛼-amylase and 𝛼-glucosidase)
is important to control postprandial blood glucose level in DM.
The enzyme catalyzes the hydrolysis of 𝛼 (1,4) glycoside bonds in
carbohydrates resulting in free glucose. At this point, several syn-
thetic inhibitors (acarbose, vigliboseormiglitol) are available in the
world market.50,51 However, there are several side effects, such as
gastrointestinal disturbances or abdominal pain52,53 which should
not be neglected. From this point of view, naturally-occurring
inhibitors are important, as powerful and safe antidiabetic agents
with perspective in designing new antidiabetic drugs.
We tested 𝛼-amylase and 𝛼-glucosidase inhibitory effects of
Sambucus ebulus extracts and the results obtained are shown
in Table 3. The extract from leaves exhibited the strongest
𝛼-glucosidase effects with 2.04mmol ACE g-1 extract, followed
Table 3. Enzyme inhibitory activity of Sambucus ebulus L. roots,
leaves and fruits subcritical water extract
Sample
𝛼- Amylase
inhibiton
(mmol ACE* g-1
extract)
𝛼- Glucosidase
inhibition
(mmol ACE* g-1
extract)
Tyrosinase
inhibition
(mg KAEs** g-1
extract)
Root 0.48 ± 0.02 0.37 ± 0.11 9.32 ± 0.55
Leaf 0.42 ± 0.02 2.04 ± 0.05 19.67 ± 5.26
Fruit 0.45 ± 0.01 1.40 ± 0.15 10.94 ± 0.89
*ACE - acarbose equivalent. **KAE - kojic acid equivalent.
by fruit (1.40mmol ACE g-1 extract) and root (0.37mmol ACE g-1
extract). The strongest activity for leaves may be explained by
the higher concentration of phenolics in the extract. This is in
accordance with results of several authors who reported a linear
correlation of 𝛼-glucosidase inhibitory effects with phenolics
composition.54–56 Moreover, the extract from leaves had very high
concentrations of chlorogenic and caffeic acids and they were
reported, by some researchers, as antidiabetic agents.57,58 How-
ever, the roots extract was the most active with 0.48mmol ACE g-1
extracts, close to of fruits (0.45mmol ACE g-1 extract). The extract
from leaves was the less effective on 𝛼-amylase with 0.42mmol
ACE g-1 extract. The observed differences could be explained by
the concentration levels of gallic acid in extracts. Fruits and roots
extracts contain higher concentrations of gallic acid compared
with extracts from leaves. Those findings are supported by some
authors, who reported that gallic acid is an important agent for
𝛼-amylase.59,60
Tyrosinase is a copper-containing enzyme and plays a key role
in the synthesis of melanin. At this point, the inhibition of tyrosi-
nase is considered an effective therapeutic tool for pigmenta-
tion disorders.61 Thus, some compounds such as kojic acid and
arbutin are chemically developed as anti-pigmentation agents.
However, these compounds may show undesirable side effects,
such as toxicity and low stability.62,63 In this sense, additional
investigation of natural and safe tyrosinase inhibitory agents is
required. The inhibitory effect of Sambucus ebulus extracts on
tyrosinase is depicted in Table 3. As can be seen, the extract from
leaves was the most potent with 19.67mg KAE g-1 extract, fol-
lowed by fruits (10.94mg KAE g-1 extract) and roots (9.32mg KAE
g-1 extract). It appears that the presence of phenolic compounds
in the extract from leaves might contribute to the inhibition
of tyrosinase. Also, the extract contained higher concentrations
of chlorogenic and caffeic acids, identified as anti-tyrosinase
Table 4. Correlation of total phenols and total flavonoids content with inhibitory concentrations obtained in different biological activity assays
Parameter TP TF IC50 (reducing power) IC50 (DPPH) IC50 (A549) IC50 (LS174T) IC50 (HeLa)
TP 1
TF 0.9564 1
Red –0.9999a –0.9608 1
DPPH –0.9994b –0.9461 0.9988b 1
IC50(A549) –0.9997
b –0.9634 0.9999a 0.9983b 1
IC50(LS174T) –0.8362 –0.6397 0.8278 0.8542 0.8222 1
IC50(HeLa) –0.9238 –0.7717 0.9178 0.9361 0.9139 0.9825 1
a statistically significant at P< 0.01, b statistically significant at P< 0.05; TP-total phenols; TF-total flavonoids.
agents in several studies.61,64–66 To the best of our knowledge,
the present work is the first study on enzyme inhibitory proper-
ties of Sambucus ebulus, which could be considered a valuable
source (naturally-occurring enzyme inhibitory agents) for devel-
oping new phyto-pharmaceuticals and food supplements.
Correlation analysis
In order to determine the relative importance of the various
classes of phenolic compounds in biological activity, a correlation
analyses was conducted. The results obtained are given in the
Table 4.
Pearson’s correlation coefficients between TP and other tested
parameters were particularly high (r> 0.9), with the exception of
correlation between TP and IC50(LS 174T) (r= 0.8362). TF also showed
high correlation with IC50(reducing power), IC50(DPPH) and IC50(A549), while
correlation between TF and IC50(LS 174T) (r= 0.6397) and IC50(HeLa)
(r= 0.7717) were good. Correlation between IC50(reducing power),
IC50(DPPH), IC50(A549) and IC50(LS 174T) were high (r> 0.8). Such coeffi-
cients may indicate that detected compounds were responsible
for biological activity detected using different in vitro assays. On
the other hand, lower correlation among TF and IC50(LS 174T) and
IC50(HeLa) indicated that flavonoid compoundsmaybe only partially
responsible for the detected activity.
CONCLUSION
In this work, subcritical water extracts obtained from Sambucus
ebulus L. parts (leaves, roots and fruits) were investigated for bio-
logical and chemical fingerprints for the first time. Our results
showed that Sambucus ebulus extracts have remarkable biolog-
ical activities. Generally, the leaves exhibited stronger biological
activities than roots and fruits. Also, these plant extracts have
important bioactive compounds including gallic acid, catechin
and chlorogenic acid. Extraction is a crucial step in the preparation
of plant products. At this point, subcritical water extraction could
be considered a novel non-toxic and green procedure. The subcrit-
ical water extracts obtained from Sambucus ebulus may be used
as a source of bioactive compounds for designing new biologi-
cal formulations including pharmaceuticals and functional food
ingredients.
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